Introduction
Recent events have highlighted the importance of the swinehuman interface in the worldwide circulation and emergence of novel influenza viruses. The 2009 pandemic H1N1 strain of influenza A was a triple recombinant virus with swine, avian, and human components. While the origin of this virus remains speculative, a recent European study suggests that occupational transmission of H1N1 strains of influenza A from pigs to swine workers was taking place prior to the 2009 pandemic. 1 In swine production environments, transmission of influenza A infection can be bidirectional between pigs and people: during the 2009 pandemic of influenza H1N1, outbreaks were recorded in domestic swine and other animals as well as humans, with evidence that the animals were infected by humans (reverse zoonosis). 2 Subsequently, the variant H3N2 influenza strain, with elements of the H1N1 pandemic strain, has appeared in swine populations and has crossed into humans. 3 In response to such events, there have been recommendations for including swine workers in influenza pandemic preparedness programs 4 as well as enhanced use of personal protective equipment (PPE) such as gloves and masks, and other infection control measures to be taken by workers on commercial swine farms.
In 2009, guidelines developed by the Centers for Disease Control and Prevention in conjunction with the US National Institute for Occupational Safety and Health and the US Department of Agriculture included the recommendation that 'swine workers should be required to wear PPE whenever they might be exposed to live swine possibly infected with swine influenza viruses,' and that such PPE includes as follows: 'safety goggles to protect the mucous membranes of eyes' and 'disposable NIOSH-certified filtering face piece respirators (e.g., N-95, P-100, or N-100 filtering face piece respirators) that are the minimum level of respiratory protection.' 5 However, the extent to which such guidelines are followed in practice remains unclear, and in general, little is known about use of PPE or other influenza precautions in swine workers. To assess the current status of influenza precautions among workers in large swine production facilities, we performed a convenience survey of awareness and practices regarding influenza precautions for workers employed in commercial swine facilities in Romania. Romania is a country with high pork consumption, and a reorganizing pork production system that is rapidly shifting from smaller herds to larger, more industrialized swine farming. 7 Besides general safety and health regulations, to the best of our knowledge, there are no specific guidelines in Romania for reducing worker exposure to swine influenza viruses on commercial farms. Therefore, Romania provides an opportunity to determine current swine worker infection control practices in a country where the swine production is rapidly changing to modern farming practices but without specific regulatory or government guidance about prevention of zoonotic influenza. 8 In particular, we sought to determine routine rates of use of PPE and other precautions that could affect influenza transmission risk, and whether workers altered such practices when performing different types of work tasks or when pigs appeared ill.
Methods

Study location
The study was conducted during summer 2012 on seven farms from three counties in the Transylvania region, Romania. Romania is a country with increasing swine production in large commercial facilities as well as a significant degree of small-scale production. Farms were selected by convenience -these included large commercial farms located within a 1-day driving distance of the study institution. These commercial farms ranged in size at the time of the survey from 1200 to 33 000 pigs and from 2 to 69 employees, and the majority of these farms were engaged in the finishing of pigs imported from other parts of Europe. At each farm, permission was obtained from the farm owner to recruit workers on the farm for the study.
Survey development
A questionnaire survey that had been previously developed with input from producers, public health experts, and swine workers 9 to assess swine worker influenza precaution practices in the USA was translated into Romanian and pretested with volunteers before being finalized. The survey included items about worker demographics, awareness of zoonotic influenza risk, routine occupational tasks performed, PPE and other infection control precautions used during tasks, and reported health status including influenza-like illness.
Subject recruitment and survey administration
During visits to farms, workers were invited to participate in the study and offered a small stipend for participation. After providing informed consent, a Romanian-speaking study member conducted the survey in person in a confidential manner. All study protocols were reviewed and approved by the Yale Office for Human Research Protection and the Institutional Review Board of the Environmental Health Center of Cluj, Romania, to ensure the privacy and confidentiality of study subject information. Employers (farm owners) were not involved with subject recruitment and were not given access to individual subject data.
Data analysis
Survey responses were entered into an MS Excel database (Microsoft Inc., Redmond, WA, USA) and analyzed using SAS 9.2 (SAS Institute, Cary, NC, USA). Simple frequencies (categorical variables) and univariate statistics (continuous variables) were calculated for individual survey item responses.
Results
A total of 103 workers completed the survey. Subjects were all middle-aged Caucasian, mostly male, and had on average been working with swine for 8 years (Table 1 ). In terms of education, a high proportion of workers completed high school or professional school (86%) and rated their general health status to be good or better (84%).
Among occupational swine work tasks reported by workers, walking the aisles was most commonly reported (74%), followed by the task of moving pigs through aisles and between units (44%), cleaning the pigs barn or truck (40%), and disposing of pigs waste products (25%) ( Table 2 ). Less than 20% of workers reported engaging in tasks involving direct contact with pigs. All workers reported use of some type of PPE at least some of the time during routine swine work tasks (Table 3 ). The most common form of PPE reported was protective coveralls (91%), followed by boots or shoe covers (84%) and disposable gloves (38%). Paper dust masks were used by only a small proportion of workers (3%), while no workers reported using N95 respirators or other more protective respirator. Approximately one-third of workers (36%) indicated that they could tell when pigs were possibly infected with influenza (Table 4) . By contrast, more than three quarters (78%) of respondents indicated concern about getting influenza from pigs, and an almost equivalent number (70%) reported concern about transmitting influenza to pigs. Almost all workers reported always showering out of the facility at the end of each day (93%), being enrolled in a program that monitors worker health at their workplace (97%) and being aware of influenza guidelines for people in contact with pigs (93%). Despite such inclusion in worksite health programs and awareness of infection guidelines, only 60% of workers reported that their employer had a sick-leave policy, and only 7% and 5% of respondents reported receiving seasonal flu vaccine in the previous flu season (2011-2012) and previous year (2010-2011), respectively. At the same time, workers reported low rates of personal influenza-like illness (5%) over the previous season, and only 3% of swine workers surveyed reported that pigs on their farm had shown signs of influenza-like illness during the previous year. Moreover, 41% of the workers reported owning pigs at their homes, and 9% of them had four or more pigs.
Workers who reported using a particular type of personal protection indicated that they used such equipment routinely (i.e., 100% of the time) when performing different tasks, with the exception of the task of cleaning barns, which was the only task where workers reported ever wearing respiratory protection (Table 5 ). Even during cleaning tasks, use of masks by such persons was only occasional (8Á3%). Workers did not report any increased frequency of use of PPE when pigs appeared ill. In general, most workers reported washing their hands after performing routine tasks.
Discussion
This convenience survey of swine workers in Romania found that while most were enrolled in some form of employee health and safety programs, and there was concern about risk of either contracting influenza from pigs or giving influenza to pigs, rates of influenza vaccination of workers were low, as was reported use of respiratory protection, even when pigs appeared ill. At the same time, use of certain types of personal protection was high, as were rates of reported handwashing. These findings suggest that additional steps could be taken to prevent occupational transmission of influenza viruses between pigs and humans in the swine production setting in Romania and other parts of the world.
The finding of low rates of use of masks for respiratory protection is consistent with other published studies of swine worker use of PPE; for example, a study in Minnesota found that 70% of swine workers 'never' used a mask during work. 6 While the risk of zoonotic influenza transmission through aerosols in swine barns is not well understood, a recent study reported recovery of influenza A virus at significant concentrations in aerosols of barns where pigs had influenza. 10 Therefore, the use of masks could affect the exposure of workers to influenza in pigs. Although general Romanian safety and health work regulations require employers to provide the necessary PPE based on assessment risks of a workplace, 11 we are not aware of specific respiratory protection standards in pig farms. Hence, reasons for the low reported use of respiratory protection in Romanian pig farms could include low availability of respirators, lack of training and education about the importance of respirators, or workers being uncomfortable when wearing respirators.
The rate of reported seasonal influenza vaccination among Romanian swine workers was lower than reported in studies of US swine workers. 9 It was also strikingly lower than vaccine coverage rates for another occupational group considered being at high risk of influenza: healthcare workers. Seasonal influenza vaccination rates for US healthcare workers in 2011-2012 were nearly 70% in some surveys. 12 While vaccination rates even for this well-recognized and well-organized occupational group have been reported to vary widely between countries for both seasonal influenza vaccination and the 2009 pandemic H1N1 vaccine, Romania has reported relatively high (>89%) influenza vaccination coverage in healthcare workers. 13, 14 Currently, national recommendations in Romania for influenza vaccination cover only individuals aged 65 or older.
14 Hence, explanations for the low vaccine coverage rate in this group of Romanian swine workers could be the voluntary condition of influenza vaccination for most adults, and the limited vaccine supply and coverage in Romania; international efforts are underway to increase national capacity for vaccine production in Romania and other countries. 15 Other possibilities include the low perceived incidence of influenza in both swine workers and pigs, which could lead to a reluctance to take additional protective measures, even though reported concern about infection was high.
While the total number of swine workers in Romania is not precisely known, agriculture workers accounted for 29% of the working population (about 9Á3 million people) in that country in 2012. 16 The Romanian swine industry is in rapid transition from smaller farms to larger facilities. The high rate of contact with pigs at home may not be typical of many other regions. It is possible that countries where larger production has been longer established could have more developed infection control practices. It is likely, however, that the circumstances of swine production in Romania resemble those in other rapidly industrializing locations. Regardless, there is a need to better understand worker practices across multiple types of swine production.
Study limitations include the limited sample size, convenience sample design, and the reliance on self-report of PPE usage. Larger studies that include direct observation of worker protective behavior would be useful to confirm these findings. Similarly, while workers reported low rates of influenza-like illness in both workers and pigs, it would be useful to confirm the actual incidence of influenza transmission in workers using serology or virus detection. Although about one-third of the workers indicated they believe they can tell when pigs are possibly infected with the flu, they were not asked to describe the symptoms they specifically associated with influenza infection in swine. Future studies could address the accuracy of such worker assessment of influenza in the swine herd as well as the risk of transmission of influenza either from pigs to humans or from humans to pigs.
In contrast to swine workers in many countries, the workers in this study reported being enrolled in workplace health and safety programs, which are required under Romanian law. At the same time, even though workers reported being aware of influenza guidelines, it does not appear that there are any such guidelines specific for influenza in swine production in Romania. In the future, however, existing health and safety programs could provide a structure for enhanced influenza prevention interventions, such as increased seasonal flu vaccination as well as appropriate use of respiratory protection, measures which have been associated with reduced influenza transmission in the healthcare setting. 17 Influenza prevention programs for workers also have the potential to reduce risk of reverse zoonotic transmission of influenza from workers to swine, as occurred during the 2009 H1N1 pandemic. 2 There is an urgent need for research to better understand the feasibility and effectiveness of such measures to reduce bidirectional influenza transmission in the swine production setting.
